A Gram-stain-negative, strictly aerobic, yellow, rod-shaped bacterium, designated strain HQQ 
The genus Flavobacterium was first proposed by Bergey et al. (1923) . Due to the complex and heterogeneous characteristics of members of the genus, its description has been emended by Bernardet et al. (1996 Bernardet et al. ( , 2002 , Dong et al. (2013) and Joung et al. (2013) . The number of species in the genus Flavobacterium is growing rapidly; at the time of writing, the genus comprised at least 150 species with validly published names (http://www.bacterio.cict.fr/). Species of the genus Flavobacterium have been isolated from a number of diverse habitats, such as freshwater (Kim et al., 2009; Lee et al., 2011; Kacagan et al., 2013; Chen et al., 2013; Feng et al., 2015) , sediments (Qu et al., 2009; Fu et al., 2011; Kaur et al., 2012) , plants (Kuo et al., 2013) , animals (Glaeser et al., 2013) and Antarctic lakes (McCammon et al., 1998; Humphry et al., 2001; Yi et al., 2005) . Activated sludge is rich in micro-organisms and two novel species, Flavobacterium croceum and Flavobacterium defluvii (Park et al., 2006 (Park et al., , 2007 , have been isolated from activated sludge in recent years.
Strain HQQ
T was isolated from activated sludge, which was obtained from the Zhuozhou wastewater treatment plant (1158 489 130 E 398 319 270 N) in Baoding city, Hebei Province, PR China. The sludge sample was diluted serially with sterile water and spread on R2A agar (Difco) and maintained at 25 8C for 3 days. The isolate was routinely cultured on R2A and preserved as 15 % (w/v) glycerol suspensions at 280 8C.
Extraction of genomic DNA was performed with a bacterial DNA extraction kit (OMEGA) according to the instructions of the manufacturer. The 16S rRNA gene was amplified using the primers 27F and 1492R (Lane, 1991) . The PCR product was purified using a PCR purification kit (OMEGA) and then ligated into the pMD18-T vector (TaKaRa). The ligation product was transformed into Escherichia coli strain DH5a. The cloned 16S rRNA gene sequence was then sequenced on an ABI 3730XL 96-capillary DNA analyser (Applied Biosystems). The nearly complete 16S rRNA gene sequence (1482 bases) of strain HQQ T was determined. The search for phylogenetic neighbours, based on 16S rRNA gene sequence similarity, was performed using the EzTaxon server (http://www.ezbiocloud.net/eztaxon; Kim et al., 2012) . Alignment was performed using ARB release 6.0.2 (Ludwig et al., 2004) , based on the complete SSU rRNA 'All-Species Living Tree' Project (LTP) database (Yarza et al., 2008) release 121 (July 2015). Sequences not included in the LTP database were imported into the LTP database and automatically aligned with the Fast Aligner tool. The alignment of sequences was controlled manually based on secondary structure prediction information. Evolutionary distances were calculated using the algorithm of Kimura's two-parameter model (Kimura, 1980) . Distances (distance options according to Kimura's two-parameter model) and clustering with the maximum-likelihood (Felsenstein, 1981) , neighbour-joining (Saitou & Nei 1987) and maximum-parsimony (Fitch, 1971 ) methods in MEGA release 6.06 (Tamura et al., 2013) were determined by using bootstrap values based on 1000 replications (Felsenstein, 1985) . Analysis of 16S rRNA gene sequences confirmed that strain HQQ T was phylogenetically related to members of the genus Flavobacterium, the highest sequence similarities being with 'Flavobacterium shanxiense' CCTCC AB 2014079 (94.8 %) and Flavobacterium macrobrachii DSM 22219 T (94.7 %). Analysis, based on phylogenetic trees, indicated that strain HQQ T clustered with Flavobacterium fontis JCM 18212 T and Flavobacterium squillarum KCTC 23915 T . The overall topology of the maximum-likelihood tree ( Fig. 1 ) was essentially the same as that of the neighbour-joining and maximum-parsimony trees (data not shown). These phylogenetic trees very clearly show that strain HQQ T formed a separate lineage in a cluster containing F. fontis JCM 18212 T and F. squillarum KCTC 23915 T .
Cultural, morphological, physiological and biochemical tests were performed as described previously (Feng et al., 2015) . Hydrolysis of casein, starch, gelatin, urea, CM-cellulose, tyrosine, lysine and ornithine, production of H 2 S and indole, and the Voges-Proskauer (VP) test were investigated according to previously described methods (Krieg & Padgett, 2011) . Enzyme activities, carbon-source utilization and other physiological characteristics were determined with the API 50 CHE, API 20NE, and API ZYM systems (BioMerieux) according to the instructions of the manufacturer, but incubated at 25 8C. Antibiotic sensitivity was tested by using the disc diffusion method after spreading cell suspensions on R2A agar (Difco). Sensitive to (mg per disc, unless otherwise indicated): amikacin ( Further detailed results of the physiological and biochemical analyses are given in the species description and selected characteristics that differentiate strain HQQ T from related species of the genus Flavobacterium are given in Table 1 .
Chemotaxonomic analyses were performed as described previously (Feng et al., 2015) . For cellular fatty acid and polar lipid analyses, cells of strain HQQ T and the four reference strains were grown in the same conditions on R2A agar at 25 8C for two days and were collected as described previously (Feng et al. 2015) . Fatty acids were saponified, methylated and extracted from 40 mg of freeze-dried cells using the standard protocol of the MIDI system (Sherlock Microbial Identification System, version 6.1). Fatty acid compositions were analysed by a Finnigan TRACE DSQ GC-MS system (Thermo Fisher Scientific) equipped with a DB-5 column (J&W Scientific) under a helium of flow of 1.5 ml min 21 and an oven temperature program increasing from 140 8C (5 min) to 280 8C (5min) at 4 8C min 21 (Nogi et al., 2014) . The major fatty acids (.5 % of the total) were iso-C 15 : 0 (13.3 %), C 15 : 0 (11.2 %), C 16 : 0 (9.6 %), C 16 : 1 v7c (10.1 %), iso-C 15 : 1 (9.1 %), iso-C 16 : 0 (6.7 %), iso-C 17 : 0 3-OH (6.3 %) and iso-C 16 : 0 3-OH (5.3 %) ( Table 2 ). Polar lipids were extracted from about 100 mg of the freeze-dried organisms as described by Minnikin et al. (1984) and were identified using two dimensional TLC as described by Minnikin et al. (1984) and Da Costa et al. (2011) . Ethanol phosphomolybdic acid (5 %, v/v) was used to detect all polar lipids, while other spray reagents were used as follows: ninhydrin for aminolipids (110 8C); molybdenum blue for phospholipids and a-naphthol for glycolipids (110 8C). The polar lipid profile of strain HQQ T contained phosphatidylethanolamine, six unknown aminolipids (AL1-AL6), one unidentified glycolipid and one unidentified lipid as the major polar lipid; a profile similar to those of the reference strains (Fig. S1 , available in the online Supplementary Material). Respiratory quinones were extracted according to Minnikin et al. (1984) and identified by HPLC as described by Kroppenstedt (1982) . The isoprenoid quinone was menaquinone (MK-6), in line with other members of the genus Flavobacterium (Bernardet et al., 2002) . T and related members of the family Flavobacteriaceae. Bootstrap values (expressed as percentages of 1000 replications) of greater than 50 % are given at the nodes. Filled circles at the nodes indicate generic branches that were also recovered by using the neighbour method. The sequence of Weeksella virosa DSM 16922 T was used as the outgroup. Bar, 0.02 substitutions per site. Cytochrome oxidase
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The DNA G+C content was determined by using HPLC according to the method described by Mesbah & Whitman (1989) with the modification that DNA was hydrolysed using nuclease S1 (Takara) and the resultant nucleotides were analysed by reversed-phase HPLC. The DNA G+C content of strain HQQ T is 32 mol%, which is in the range of values determined for species of the genus Flavobacterium (Bernardet & Bowman, 2006) .
The phenotypic and phylogenetic data support the recognition of a novel species within the genus Flavobacterium, for which the name Flavobacterium lutivivi sp. nov. is proposed.
Description of Flavobacterium lutivivi sp. nov.
Flavobacterium lutivivi (lu.ti.vi'vi. L. n. lutum sludge, mud; L. adj. vivus alive; N.L. gen. n. lutivivi from activated sludge).
Cells are Gram-stain-negative, strictly aerobic, rod-shaped, non-gliding motile, and approximately 0.8-1.0 mm in length and 0.3-0.4 mm in diameter. Colonies on R2A agar are yellow, smooth, translucent, shiny, circular and slightly raised; approximately 1.8-2.5 mm in diameter after 3 days incubation at 25 uC. Grows well on R2A agar, and weakly on TSA, no growth on LB agar, MA agar or NA agar. Growth occurs at 18-37 uC (optimum, 25 uC), at pH 6.0-9.0 (optimum, pH 7.0) and with 0-1 % NaCl (w/v; optimum, 0 %). Flexirubin-type pigment is absent. Positive for the hydrolysis of casein, starch, CM-cellulose, tyrosine and gelatin, oxidase and catalase activity, but negative for the hydrolysis of urea, lysine and ornithine, nitrate reduction, the production of H 2 S and indole, and the Voges-Proskauer reaction. Positive for the hydrolysis of aesculin, but negative for the utilization of p-nitrophenylb-D-glucopyranoside, the assimilation of D-glucose, L-arabinose, D-mannose, maltose, N-acetylglucosamine, D-mannitol, potassium gluconate, adipate, caprate, malate, trisodium citrate and phenylacetate and for the Yang et al. (2015) . DData reported by Sheu et al. (2011) . dData reported by Chun et al. (2013) . #Data reported by Sheu et al. (2013) . §Data from Yang et al. (2015) . The type strain is HQQ T (5CGMCC 1.15347 T 5KCTC 42935 T ), which was isolated from a sample of activated sludge from a municipal wastewater treatment plant in Hebei Province, PR China. The DNA G+C content of the type strain is 32 mol%.
